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The arrangement that corresponds to a voltmeter consists of a solenoid of 
many turns of fine wire wound on a fiber core 10 cm. in length. Each end of 
this solenoid is covered with a plate of soft iron, which extends, on one side, 
about 5 cm. beyond the side of the coil. These plates are clamped against 
the test bar at points about 10 cm. apart. The solenoid, with its end plates, 
thus forms a magnetic shunt in parallel with the middle 10 cm. of the bar. 
The turns of wire around the bar that are displaced by the plates are wound 
as near as possible to their proper location to give a uniform winding. The 
flux through the solenoid is measured with a fluxmeter-galvanometer by the 
usual method of reversals. No flux through the solenoid indicates that the 
m.m.f. supplied to the bar is just sufficient to carry the flux through the bar. 

This apparatus was used with a bar of ingot iron which had been annealed 
from 10000 C. in a stream of hydrogen. A ring of the same iron, annealed as 
nearly as possible in the same way, was also measured for a comparison check. 
The magnetization curves for the ring and for the bar are practically identical, 
the small differences being less than might be expected from two rings of the 
same iron. The agreement is equally good for the smaller values of the flux, 
where other methods require large corrections. 
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A N E W METHOD FOR THE DETERMINATION OF THE MAGNETIC SUSCEPTI

BILITIES OF GASES. 

B Y J A K O B K U N Z AND E . C. F R I T T S . 

IT has been shown by A. P. Carman and W. Hyslop1 and by R. Whiddington2 

that the thermionic valve in the heterodyne method of electric oscillations 
gives an exceedingly sensitive and accurate method for the determination of 
capacities and dielectric constants. The same method is now applied for the 
measurement of magnetic susceptibilities of gases. In this case the self-
induction of a soil in a vacuum is changed by the introduction of the gas, 
whose susceptibility has to be measured. We hope to measure in this way 
not only the magnetic susceptibilities of the ordinary and noble gases, but even 
of metal vapors and of dissociated gases. 

UNIVERSITY OF ILLINOIS . 

A SINE GALVANOMETER FOR DETERMINING IN ABSOLUTE MEASURE THE 

HORIZONTAL INTENSITY OF THE EARTH'S MAGNETIC FIELD. 

B Y S. J. BARNETT. 

A BRIEF historical statement with reference to the measurement of the 
horizontal intensity of the earth's magnetic field by magnetic and electrical 

1 PHYSICAL R E V I E W , 15, p . 243, 1920. 
2 Phil. Mag., 40, p . 634, 1920. 
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methods is followed by a short discussion of sine and tangent galvanometers, 
which are the chief instruments used in the electrical methods chosen as 
simplest and otherwise best. 

An improvement in the tangent galvanometer is suggested, but the sine 
galvanometer is considered preferable, though either one can be constructed 
in such a way as to satisfy the necessary requirements of speed and precision. 

An account is given of earlier sine galvanometers designed for absolute 
measurements, and a detailed description is given of a new instrument designed 
by the author and constructed under his supervision on strictly modern lines. 

The base of the instrument, including tripod, rough and precision circles, 
microscopes, etc., was taken from a fine European theodolite and made usable 
by the substitution of non-magnetic parts for parts too magnetic, and further 
greatly improved by the substitution of electrical illumination of the precision 
circle for daylight illumination by mirrors. 

The magnetometer-box is of pure copper, the damping being chiefly electro
magnetic. The magnet-mirror is a fine disc of chrome steel with optically 
flat and parallel surfaces, being in fact one of the gages made by the Bureau 
of Standards. The torsion tube and head are similar to those of the C.I.W. 
magnetometers. A suspension of phosphor bronze strip with torsional constant 
about 0.001 is generally used. The telescope is small but powerful; the 
scale is ruled to thirds of mm., on white pyralin. The period of the magnet 
and the damping, which is adjustable, are such that readings require only a 
few seconds. 

The coil is double, the arrangement being approximately that due to Helm-
holtz. The spool was machined from white Carrara marble impregnated with 
paraffin at a temperature near its boiling point—a process insuring high 
insulation as well as reversibility of thermal changes. The coils were wound, 
as suggested by J. V. Jones, under tension in a single layer in spiral grooves, 
which were cut with a diamond' tool. The wire is pure copper, especially 
prepared by the Research Laboratory of the General Electric Company. 
Each coil is wound in two halves, as suggested by Ayrton, and contains 10 
turns with a diameter of approximately 30 cm. and a pitch of approximately 
2 mm. The two halves start from the same horizontal plane 1800 apart, so 
that the distance between centers of adjacent wires is approximately 1 mm. 
The axial distance between the centers of the two coils, or the distance between 
corresponding turns of the spirals, is approximately 15 cm. The terminals 
are so constructed as to have negligible magnetic effects at the center of the 
coils. The leads are small cylindrical cables with coaxial conductors. 

The methods of measuring the diameters and axial distances of the spirals 
are described and the results are given in tables and curves. 

The magnetic tests, of three kinds, proving the materials of construction 
to be satisfactory, are also described. 

The theory of the instrument, the methods of adjusting and using it, and 
the calculation of the error in the constant of the coils arising from imperfections 
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of construction, as well as of the other errors introduced in.the measurement 
of the horizontal intensity, are given in sufficient detail. 

It is shown that the errors in reading the circle and the scale, when sufficiently 
large angles are used, and the error in the constant of the coil are quite negligi
ble; and that the only other error necessary to consider, viz., that introduced 
in the measurement of the current traversing the coils, can also be made 
entirely negligible. In consequence the horizontal intensity of the earth's 
magnetic field can be determined with an error less than 1 part in 10,000, 
which is the precision desired, while the magneticians consider 1 part in 5,000 
adequate. 

With this instrument it is possible to make several complete determinations 
of the horizontal intensity in one minute; while at least from half an hour to 
an hour is required with the magnetometer method. 

In addition to the preliminary experimental tests, two considerable series 
of simultaneous determinations of the horizontal intensity have been made 
with the sine galvanometer and a standard C.I.W. magnetometer by Messrs. 
Fleming, Fisk, Peters, Ives, and the author. The intensity variations deter
mined from the galvanometer readings have also been compared with those 
obtained from simultaneous magnetograms of the Cheltenham Observatory. 
An account of this work will be published shortly by others. The intensities 
as determined by the different instruments agreed within 1 part in 25,000, 
though the errors of the electrical standards used, are not known with a pre
cision such as to justify the expectation of an agreement much beyond one 
part in 4,000 between the absolute value, even if it were not for the limita
tions of the magnetometer method. 

The complete paper will appear shortly in the Researches of this Department. 
DEPARTMENT OF TERRESTRIAL MAGNETISM, 

CARNEGIE INSTITUTION OF WASHINGTON. 

RESULTS OF COMPARISONS OF INSTRUMENTS FOR MEASURING THE EARTH'S 

MAGNETIC ELEMENTS. 

BY LOUIS A. BAUER AND J. A. FLEMING. 

DURING the period 1905 to 1921 the Department of Terrestrial Magnetism 
of the Carnegie Institution of Washington has had the opportunity to carry 
out intercomparisons of magnetic instruments all over the globe. These 
intercomparisons have been made at the chief magnetic observatories and at 
various stations of the Department of Terrestrial Magnetism. Thus the 
intercomparisons apply not alone to the magnetic instruments as designed and 
constructed by the Department of Terrestrial Magnetism, but also to magnetic 
instruments of various designs in use by the chief magnetic services. The 
resulting data besides yielding the information required for the correlation and 
reduction of magnetic observations made by existing organizations, have 
likewise yielded results having important bearings upon the principles and 
methods of magnetic measurements. 


